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Abstract 

The emulsion capacity and stability of a new emulsifier containing sodium steaoryl 
lactylate plus iota carrageenan (SSL/iC) in comparison to caseinate and isolate soy was 
analysed. The emulsion capacity and stability of SSL/iC in oil/water (oAv) emulsions 
was higher than the one showed by caseinate and soy isolate. However, the o/w 
emulsion stability was negatively affected by sodium chloride addition, but positively 
affected by the increase in temperature. Meat batters were elaborated with caseinate, soy 
isolate, and SSL/iC at the minimum concentration that showed a good performance ( > 
75 % stability) in the experiences in o/w emulsions. The emulsifier SSL/iC produced 
high cook yields and a good stability when used in meat batters. However, the cooked 
meat batters containing SSL/iC showed less hardness, cohesiveness and chewiness than 
those manufactured with caseinate and soy isolate, being this texture attributes highly 
detrimental for the sensory preference analysis. On the other hand, the texture 
differences among the products elaborated with the different emulsifiers almost 
disappeared when 2 % potato starch was added to the formulation. 



Keywords: pork, meat batters, functionality, emulsion, carrageenan, casein and soy 
protein. 



1. Introduction 



The texture of processed meat products depends on the structure of the matrix formed 
by the proteins gel, the solutes and particles entrapped in the gel and the moisture 
content (Foeding & Lanier, 1987). Therefore, the matrix formed will depend on factors 
such as protein water binding ability, salt, pH, fat content and the addition of non-meat 
ingredients (Matu lis, McKeith, Sutherland & Brewer, 1995a,b). A failure to form the 
gel can produce an excessive loss of water and fat producing a mushy and mealy texture 
(Whiting, 1987). A successful gel is balanced between protein-water and protein-protein 
interactions. 

In the manufacture of emulsion meat products is essential to balance the quality and 
quantity of protein with processing functionality, nutritional value and cost. In addition 
to meat proteins, a variety of non-meat ingredients have been used as fillers, binders and 
extenders to reduce cook shrink and formulation costs. These non-meat products can 
contribute nutrients, flavour and valuable functional properties to the meat emulsion 
however, they can also alter or improve the appearance, palatability and texture of the 
final meat product. The binders have been used in meat emulsions because they should 
be capable of replacing some of the functions of the meat being the most critical the 
stabilization of fat during cooking (Mittal & Usborne, 1985). However, the addition of 
non-meat functional ingredients to processed meat products can increase product yield 
but product firmness can be reduced due to a retention of water without an increase in 
gel rigidity (Desmond, Troy & Buckley, 1998). In practical applications the most 
important factors to be considered are stability, yield, texture, palatability and cost. 
The main meat emulsion extenders used are milk products, soy proteins and cereal 
products. Soy protein isolate is commonly used in meat batter as a binder. The isolated 
soy protein provide cohesiveness, stabilized the emulsion, bound water and formed a 
firm and resilient gel structure. The extend use of soy flour in meat products was due to 
its low cost (Mittal & Usborne, 1985). Although, its main disadvantage is its taste and 
feel in the mouth that has been characterised as beany or cereal like flavour. However, 
its addition in low fat meat products produced similar sensory and texture properties to 
the high fat products but had higher purge loss (Yang, Keeton, Beilken & Trout, 2001). 
One of the best known non-meat protein emulsifier is sodium caseinate. Its composition 
is about 90 % protein and it is completely soluble in water. Sodium caseinate indirectly 
contribute to the water retention and texture of the emulsion. It has a high solubility 



being little affected by salt although it do not form a gel during heating (Mittal & 
Usborne, 1985). 

Carbohydrate gums are used in the food industry to regulate viscosity and form gels 
(Foegeding & Ramsey, 1986). In meat batters they have been also used and evaluated, 
specially in low-fat products. In this sense, three major carrageenan types exist: kappa, 
iota and lambda. Kappa and iota- carrageen an form thermoreversible gels upon heating 
and cooling, while lambda- carrageenan is a non gelling gum generally used as thickener 
(Trius, Sebranek, Rust & Carr 1994). 

The addition of iota or kappa-carrageenan in low-fat meat batter resulted in increased 
water-holding capacity and firmness (Foeding & Ramsey, 1986) while also the addition 
of iota-carrageenan produced frankfurters with higher overall acceptability scores 
(Bloukas, Paneras & Papadima, 1997). The addition of a combination of lambda and 
kappa carrageenan reduced cook loss and increased water holding capacity and 
emulsion stability (Hughes, Cofrades & Troy, 1997) as also produced the addition of 
iota-carrageenan (Lin & Mei, 2000). However, Matulis et al., (1995b) indicated that the 
effect of iota carrageenan on frankfurters depended also in the salt and fat content, being 
more effective at low salt and fat concentrations. 

Other emulsifiers used in the food industry are small surfactants such as sodium stearoyl 
lactate (SSL) that is an anionic surfactant manufactured by reacting stearic acid (50-90 
%) with food grade lactic acid in the presence of sodium (Kamel & Hoover, 1992). This 
small molecule surfactants are used to promote controlled destabilization of food 
emulsions such as in cream liqueurs (Dickinson, Narhan & Stainsby, 1989). It has been 
used as dough conditioners/strength en ers and softeners in bakery products (Kamel 
1992, Gomez, del Real, Rosell, Ronda, Blanco & Caballero, 2004) and it functions 
through complexing actions with flour protein and starches especially amylose (Kamel 
& Hoover, 1992). 

The study of a new emulsifier for the meat industry should be done taken into account 
all the possible factors that would affect its effect on a meat batter. Model systems are 
less complex than commercial sausage emulsions and facilitate the study of different 
parameters also they are beneficial in identifying critical variables that may be difficult 
to asses in a muscle food product (Foeding & Lanier, 1987). However, it is necessary to 
prove tie usefulness of an ingredient in a direct product application. 
Therefore, our objective was to study the functionality of a new emulsifier (SSL/iC) 
containing sodium steaoryl lactylate (SSL) and iota carrageenan in comparison to 



sodium caseinate and soy protein isolate in model oil emulsions and meat batters to 
determine its effectiveness and performance for the meat emulsion industry. 

2. Materials 

The commercial emulsifiers used in this study were: an emulsifier consisting in iota 
carrageenan plus sodium stearoy 1-2- lacty late (SSL/iC) (Premultex ME 3500, Premium 
Ingredients SL, Murcia, Spain), sodium caseinate EM 6 (C) (DMV International, 
Veghel, The Netherlands), and isolated soy protein (S) Supro 500E IP (The Solae 
company, Le Grand-Saconnex, Switzerland). Sunflower oil (Titan, Villarejo de 
Salvanes, Madrid) was purchased from a local supermarket and native potato starch was 
from Avebe (The Netherlands). 

Fresh chilled (1°C) deboned pork shoulder meat and pork back fat were purchased from 
a local meat supplier (Carnicas Estelles, Paterna, Valencia). 

3. Methods 

3.1. Preparation of O/W emulsions 

The emulsifiers, iota carrageenan plus sodium stearoyl-2-lactylate (SSL/iC), sodium 
caseinate (C), or isolated soy protein (S), were dispersed in distilled water and sun 
flower oil in the following proportions; 1 :5:5, 1:6:6, 1:7:7, 1:8:8, 1:9:9 and 1:10:10. The 
emulsions were prepared by mixing the oil into the emulsifiers dispersions at the 
proportions indicated and then, emulsifying with a Polytron PT 2100 (Kinematica Ag, 
Luzern, Switzerland) at 15,000 rpm during 6 min and at different temperatures: cold 
(12°C), room temperature (25°) and hot (50°C). 

In order to study the effect of sodium chloride on emulsion stability, another set of 
emulsions at the different temperatures were prepared adding NaCl to the distilled water 
to a final amount of 0.5, 1.0 and 2.0 % (w/v) sodium chloride. 
All emulsions were done in duplicate. 

3.2. Stability of emulsion 

The O/W emulsion stability was measured as indicated Huang, Kakuda and Cui (2001). 
The O/W emulsions prepared were immediately centrifiiged after preparation using an 
Avanti J-25 Series centrifuge (Beckman, CA, USA). Approximately 10 ml of each 
emulsion were placed into 15 ml polypropilene tubes and centrifuged at 10000 g during 



10 min at room temperature (25°C). The initial height of the emulsion and the height of 
the remaining emulsion after centrifugation were measured. The emulsion stability 
(ES%) was calculated as a percentage of the initial emulsion height. All samples were 
assayed in duplicate. 

The stability of raw meat batter emulsions was measured using 10 g of the raw meat 
batter and placed it in a propylene tube and centrifuged for 15 min at 10000 g. 

33. Preparation of meat batters 

The pork lean and pork back fat were frozen at -20°C until use. After thawing 24 h at 
4°C the meat ingredients were used for the manufacture of the meat batter. Lean pork 
(25 %) was mixed in 9 kg batches along with the other ingredients: ice water (37.5 %), 
back fat (37.5 %), sodium chloride (2.0 %), sodium nitrite (0.015 %), sodium 
polyphosphate (0.5 %), sodium ascorbate (0.05 %), frankfurter seasoning mix (0.5 %) 
and the emulsifier at the different proportions, carrageenan plus sodium stearoyl-2- 
lactylate (SSL/C) (1.0 %) or caseinate (C) (1.2 %) or isolated soy protein (S) (1.5 %) in 
a cutter (Castell Vail, Espana). The total chopping time was 8-10 min and the final 
temperature of the batter was controlled at less than 12°C. 

After emulsification, meat batter of each treatment (SSL/iC, C, or S) was stuffed into 9 
cm impermeable plastic film (Prolan SC2). The sausages were cooked for 50-60 min in 
a water bath at 80°C to give an internal temperature of 72°C. The cooked sausages were 
showered in cold water and kept at4°C. 

Another set of meat batters was prepared adding native potato starch that was added to 
the sausage formulation at 2 % on meat batter basis and in direct replacement for water, 
and chopped and cooked under the same conditions. 
Two replications of the experiments were conducted each at separate days. 

3.4. Colour 

The instrumental measurement of colour was performed with a Hunter Labscan II 
colorimeter (Reston, VA), and results were expressed in accordance with the CIELAB 
system with reference to illuminant D65 and a visual angle of 10° with a 6.4-mm 
diaphragm containing an optical glass. The parameters registered were Z,*, a, and 
Three samples of each batch were measured and results expressed as the average of the 
five readings. 



3.5. Rheology 

A RheoStress 1 controlled stress rheometer (Haake, Karlsruhe, Germany) equipped with 
a Phoenix II P1-C25P refrigeration circulation bath (Haake, Karlsruhe, Germany) was 
used to perform rheological analyses. Plate and plate system was used with a diameter 
of 60 mm and a gap between plates of 1 mm. 

Oil Emulsions. - To determine the flow behaviour of the oil emulsions, shear stress and 
viscosity were measured as a function of shear rate over the range 0.5 - 20 s" 1 at 25°C. 

All curves were adjusted to the Ostwald- de Waele equation (?] = 77, • y n ~ [ ) where r|i is 
the apparent viscosity predicted by the Ostwald- de Waele equation at Island n the flow 
behaviour index. 

Raw meat batters - Oscillation measurements were performed to evaluate the dynamic 
rheological behaviour of the raw meat batters at 25°C. Linear viscoelastic region of 
samples was previously determined by running stress sweeps between 0.02 and 20 Pa. 
Changes in storage modulus (G') and loss modulus (G") with frequency (mechanical 
spectra) were recorded at a stress of 1 Pa. To protect against dehydration during 
measurements, vaseline oil (Panreac Quimica, Spain.) was applied to the exposed edges 
of the samples. Three replicates of each curve were run with good reproducibility since 
the differences between them were less than 5%. 

3.6. Functionality of cooked meat batters 

3.6.1. Cook yield 

Cook yield indicate functionality of cooked gels made from batters. The total weight of 
a cooked sausage was recorded and then, the fat and jelly was separately weighted. The 
results were expressed as a percentage of fat- water weighted per sausage. The means of 
three replicates for each batch were calculated. 

3.6.2. Stability of cooked meat batters 

The cook loss of meat batters was determined as indicated Swan & Boles (2006) after 
processing and stored for 2 and 20 days at 4°C. Fat and water cook loss were 
determined on three tubes from each batch. The tubes were reheated in a water bath at 
50°C to melt any separated fat and jelly. The release liquid in each tube was measured. 
Fat and water losses were expressed as a percentage of the original weight of batter in 
the tube. 



3.6.3. Instrumental texture evaluation 

Instrumental texture tests of the cooked meat batters were performed using a 
texturometer (SMS, Godalming, UK). Three kind of test were applied at a speed of 
lmm/s and 5 g as trigger force. Three replicates of each batch were measured. 
Cutting test: samples (35mm wide x 35 mm long x 15 mm high) of the cooked meat 
batters were cut with a Perspex blade (A/LKB); cutting curves were recorded and 
maximum force and distance were obtained. 

Compression up to failure: cylindrical samples (17x17 mm) were compressed up to 
failure with a 75-mm diameter aluminium platen (P/75); compression curves were 
recorded, and maximum force and distance were obtained. 

Texture profile analysis: cylindrical samples (17x17 mm) were compressed to 50% of 
their original height through a two cycle compression with a 75-mm diameter 
aluminium platen (P/75) and five seconds between cycles. Values of hardness, 
cohesiveness, springiness, and chewiness were obtained. 

3.6.4. Sensory evaluation 

The cooked sausages were sliced of approximately 10 mm in thickness. The slices were 
equilibrated for 30 min at room temperature before serving. The samples were assessed 
by a non-trained panel consisting of 50 members recruited among students and personel 
of Instituto de Agroquimica y Tecnologfa de Alimentos, Valencia, Spain, on the bases 
of their interest, availibility and if they were regular likers of cooked sausages. Their 
ages were between 1 8 and 50 years and were approximately 50% female and 50% half 
male. A preference test (ISO-5495, 1983) was carried out to determine panellists' 
preference for a sample. Assessors were asked to indicate which sample was preferred 
with respect to colour, aroma, taste and overall quality. Tests were conducted in a 
standardised room (ISO-8589, 1988). Sensory evaluations were recorded by computer 
software using Compusense® five release 4.6 (Compusense Inc., Guelph, ON, Canada). 

3. 7. Statistical analysis 

The effect of temperature and sodium chloride addition on the O/W emulsion stability 
was analysed. The effect of the type of emulsifier (SSL/iC, C, or S) in the cooked meat 
batters with or without addition of native potato starch was evaluated using ANOVA 
analysis with the Statgraphics Plus 5.1 package (Bitstream, Cambridge, MA). 



4. Results and Discussion 
4.1. Emulsion O/W 

4.1.1. Stability of emulsion 

To assess the emulsifying capacity of SSL/iC compared to casein and soy isolate, model 
systems were prepared with sunflower oil. The centrifugation procedure was a rapid 
method that has proved to be adequate for evaluating potential emulsification properties 
(Huang et ah, 2001). The emulsion stability of the preparation at 12°C was similar for 
the three emulsifiers, although the least favourable results were obtained with the soy 
isolate. As the emulsion preparation temperature increased, the behaviour of the soy and 
the caseinate remained practically the same; the performance of the SSL/iC was the 
only one that improved, even at the lowest proportions (1:8:8 and 1:9:9) (Figura 1), 
these results demonstrated that the SSL/iC has a better emulsifying capacity than the 
caseinate or the soy isolate. This is a logical result, bearing in mind that carrageenan 
becomes soluble at a temperature approaching 60°C. To determine the effect of salt on 
the stability of the emulsions, the emulsifier proportions that presented a stability 
greater than 75% were employed. The presence of salt affected the action of SSL/iC 
both under refrigeration and at ambient temperature and it only retained its emulsifying 
effect when prepared with heat. The caseinate was not affected by the presence of salt at 
any preparation temperature, while the emulsifying capacity of the soy isolate fell 
slightly in the presence of salt (Figure 2 ). 

4.1.2. Colour 

The colour of all the emulsions prepared at three different temperatures with oil and the 
different emulsifiers in 1:6:6, 1:7:7, 1:8:8 and 1:9:9 proportions was white. There was 
practically no variation between formulations or preparation temperatures as regards the 
chromatic values that defined their colour. The variation range was - 1 .37 to -0.47 for a* 
and 9.09 to 1.96 for b*. Equally, the luminosity barely varied between the samples, 
although it should be mentioned that those containing soy were the least luminous, with 
values of around 80, while the values for those that contained caseinate or SSL/iC were 
around 86 on average (data not shown). 

4.1.3. Flow curves 

The flow curves of all the oil emulsions fitted the Ostwald - de Waele model or power 
law: 



a = k? n 



where k and n are the rheological parameters of the model. The k parameter is known as 
the consistency index and n as the flow index. For n = 1, the expression reduces to 
Newton's law with r| = k; it may be considered that the further the value of n from 1, the 
greater the deviation from Newtonian behaviour. In the emulsions studied, all the n 
values obtained were less than one (n<l) and so corresponded to a pseudoplastic fluid, 
in other words, viscosity diminished with shear. For all the emulsifiers tested, the 
pseudoplasticity decreased as the concentration decreased: the k values fell and the n 
values rose (Figure 3). In this respect, the soy and the SSL/iC behaved in a very similar 
fashion: the consistency values were high in the 1:6:6 emulsion and fell as the 
emulsifier concentration decreased, with n values at a distance from one, indicating 
highly pseudoplastic behaviour. The preparation temperature had practically no effect 
on the soy emulsion values, whereas in the case of the SSL/iC the heated preparation 
temperature encouraged the formation of a far more consistent emulsion with very low 
n values (Table 1). The caseinate formed emulsions of very low consistency, with n 
values of over 0.70, and the preparation temperature had practically no influence on 
their rheological parameters. In general, the presence of salt decreased the consistency 
of the samples. 

While the viscosity values of the oil emulsions may be taken as a measure of 
emulsifying capacity, there are other factors that are responsible for the stability of the 
emulsions. Huang et al (2001) place great importance on the level of proteins in certain 
gums (such as gum arabic) for the high stability they confer on the emulsions in which 
they are present. In this study, the presence of SSL with iota carrageen an was the factor 
that conferred stability on the systems tested. However, the viscosity that developed in 
the model system with oil should not be taken as a measure of their activity as agents 
that necessarily contribute viscosity to the meat batter. A number of reports have 
demonstrated that the apparent viscosity of meat batters decreases as more water is 
added (Claus, Hunt& Kastner, 1989, Claus, Hunt, Kastner & Kropf, 1990) and this low 
viscosity of high moisture batters may create some handling difficulties in stuffing, etc. 
(Shand, 2000). This author found that the soy protein concentrate alone had a very high 
hydration capacity, while as a component of the meat batter, soy protein had only a 
minor effect on viscosity. Since the emulsifiers were not prehydrated, it is possible that 



the complete development of viscosity depends upon the time after mixing and 
processing. 

4.2. Raw meat baiter emulsions 

The study of the effect of the new emulsifier in the functionality of meat batter was 
done by selecting the concentration based on the previous results obtained using the 
O/W emulsions systems. As indicated previously, the proportion of each emulsifier, 
SSL/iC 5 caseinate and isolate soy that showed an stability higher than 75 % at the 
different temperatures and salt conditions assayed were used for the meat emulsion 
formulation. In this sense, SSL/iC was added at 1 %, caseinate at 1.2 % and isolate soy 
at 1 .5 % on meat batter basis. 

4.2.1. Raw meat batter emulsion stability 

None of the raw meat batter emulsion samples exhibited phase separation in the 
centrifuge test. 

4.2.2. Dynamic rheobgy of raw meat batter emulsions 

All samples exhibited solid-like mechanical spectra, i.e., higher storage modulus values 
G f than the loss modulus G", in a certain range of the frequency (1-100 rad/s). The 
shapes of the mechanical spectra and moduli values showed that all the samples were 
behaving as weak gels, with G' values slightly higher than G" and a certain frequency- 
dependence of both modules. The least stable system was the raw meat batter emulsion 
with sodium caseinate, where the G' and G" values were very close together and were 
more frequency-dependent (Figure 4 a). The presence of starch in the formulations did 
not increase the degree of structuring of the samples, as the values for both modules 
were similar to the same systems without added starch. However, the samples with 
caseinate presented a somewhat stronger gel, indicating that the starch did contribute a 
certain degree of stability to the system (Figure 4b), even though the module values 
remained lower than those of the samples with soy or with SSL/iC. 

4.3. Functionality of cooked meat batters 



4.3.1 Cook yield 



The cook yield was 100% for the cooked meat batters with sodium caseinate and 
SSL/iC, both with and without starch. The formulations with the soy isolate, with or 
without starch, exhibited lower yields, around 98%, with fat and gelatine separation 
percentages of 1.7% and 2.2% respectively. Trius et al (1994) found that iota- and 
kappa-carrageenan were the most efficient carrageenan fractions in decreasing cooking 
losses. 

43.2. Stability of cooked meat batters 

The stability of cooked meat batters was measured after processing and they were stored 
for 2 and 20 days at 4°C. In general, the batches without starch presented a cook loss of 
about 7 to 8 % of the total batter weight; after 20 days of storage at 4°C the cook loss 
was similar in the casein batch, lower in the soy batch (5.1%), and higher in the SSL/iC 
batch (11.8%). However, in the batches containing starch, the cook losses were similar 
for the C and S samples and lower for the SSL/iC sample (4.3%). Also, after 20 days at 
4°C, the cook losses were very low: about 1 to 2 % in all cases. 

4.3.3. Texture of cooked meat batters 

Three instrumental methods were applied to assess the texture of the cooked meat 
batters. In cases, to apply more than one method is useful to determine which one is 
more sensitive to some specific compositional or structural effects (Table 2). 
Compression test. In this kind of instrumental methods it is important to analyse the 
complete profile of the curve and not only the peaks of maximum force. Each sample 
behaved in a different way which is very interesting to study and interpret (Fiszman & 
Salvador, 1999; Salvador, Sanz, Fiszman, 2002). As can be seen in the curves, this test 
differentiated clearly between the behaviours of the three samples of cooked meat 
batters: those containing caseinate were the most rigid, with a clear rupture peak, while 
the soy samples showed intermediate behaviour and the samples with SSL/iC presented 
a softer response with practically no rupture peak (Figure 5 ). The iota fraction of 
carrageenan forms elastic gels; this would explain the fact that the SSL/iC samples did 
not exhibit a clear rupture, as the way they bind the water is not by means of a rigid gel. 
The addition of starch modified the compression curves considerably. The greatest 
effect was on the sample with SSL/iC, strengthening its resistance to compression and 
rupture to the point of practically equalling the behaviour of the sample with caseinate 



which, like that containing soy, in presence of starch turned structurally far weaker 
(Figure 5b). 

TPA tests. The samples with SSL/iC were the softest, least cohesive and least elastic 
and presented the lowest chewiness values (Table 2). Confirming the results obtained in 
the compression test, the addition of starch reduced the elasticity and cohesiveness 
values of all the samples, indicating that it contributes a more 'crumbly' and less solid 
texture; the only sample that showed increased hardness was that with SSL/iC. These 
results would appear to indicate that in the presence of soy or milk proteins, starch 
interferes with network formation, whereas in the case of the carrageenan it acts as a 
filler, strengthening the compression resistance. 

Cutting test. Also in this test is very interesting to analyse the complete profile of the 
cutting curve to interpret the samples' behaviour. 

The samples with caseinate and with soy registered a higher shearing or cutting force 
(Figure 6a), with a drop in force indicating a clean cut; the sample with SSL/iC 
presented a far lower shearing force value, and without a drop in force, indicating that 
the sample adhered to the blade and exhibited a resistance similar to that of the cut 
itself. The addition of starch evened out the cutting force of the three samples (Figure 
6b): the values were slightly lower for the C and S samples and increased for the sample 
with SSL/iC, in keeping with the results of the other texture tests (Table 2). The 
selection of a plastic blade without an acute edge made it possible to differentiate the 
samples better than the use of a Warner-Bratzler blade that was found not suitable for 
measuring textural characteristics of frankfurters with different fat content (Cofrades, 
Hughes & Troy, 2000). Comer (1979) found that fillers such as starch had beneficial 
effects on the emulsion stability and yield of finely comminuted sausage batters (regular 
fat) but negative effects on product firmness. Traditionally, addition of carrageenan in 
low fat meat batters can improve some of the changes that occur due to a substitution of 
fat by water (Hughes et al., 1997). However, it was found that the use of iota- 
carrageenan in meat batters is highly dependent on the addition of other ingredients 
such as potato starch, ground toasted bread, pork skin, etc. (Bloukas et al.,1997). 

4 3.4. Colour of cooked meat ba tters 

The addition of the different emulsifiers had little or no effect on colour (Table 3). 
Although statistical analysis of the results showed some significant differences between 



the samples (within the same treatment), these did not follow any pattern and at all 
events, the changes registered in stru mentally would not be visually perceptible. 
There were no great differences in luminosity or in the values for the contribution of the 
red (a+) or yellow (b+) components; however, because these two presented very low 
values in visual terms they produced pinkish-grey colours with very low saturation. The 
addition of carrageen an had no effect on the internal colour of frankfurters, regardless of 
fat level (5, 12, 30%) (Hughes et al 1997). 

4.3.5. Sensory analysis of the cooked meat batters 

A consumer panel evaluated the preference for the batch containing SSL/iC and 
caseinate or soy isolate. The results of the sensory analysis of cooked meat batters are 
shown in Table 4. The effect of the different emulsifiers was significant in the meat 
batter prepared without potato starch. The consumer significantly preferred in all the 
attributes except in aroma, the batches prepared with caseinate and soy isolated in 
comparison to the batch containing SSL/iC. This fact is probably due to the low 
hardness of the SSL/iC batch previously shown in all the texture analyses done, 
compression, TP A and cutting tests. However, when potato starch was added only few 
differences were appreciated by the consumer panel among batches. The texture of the 
cooked batters containing caseinate was significantly preferred than the one containing 
SSL/iC. On the other hand, the colour of the batch containing SSL/iC was preferred 
than the batch containing soy isolate. Finally, the panel did not preferred in global 
quality any of the emulsifiers batches prepared with potato starch. 
Matulis etal.,(1995) indicated that the use of iota-carrageenan in meat batters affect the 
sensory hardness by increasing the hardness at low salt concentrations. They also 
indicated that fat affect more the cohesiveness than did carrageenan and the juiciness 
decreased when carrageenan and fat increased. However, there are no reports of the 
effect of SSL on meat batters. This anionic surfactant has been used in bread as a 
replacement for shortening (Basil & Hoover, 1992) and in cream liqueurs for emulsion 
stability (Dickinson et al., 1 989); these authors showed that the effect of the SSL was to 
displace caseinate from the cream droplet interface. 

5. Conclusions 

The emulsifier capacity and stability of SSL/iC in oil emulsions is higher than the one 
showed by caseinate and soy isolate. However, the o/w emulsion stability was 



negatively affected by sodium chloride addition, but positively affected by the increase 
in temperature. Also, this study demonstrate that the emulsifier SSL/iC is suitable in the 
manufacture of meat batters with a high cook yield and a good stability of the cooked 
meat batters. However, the cooked meat batters containing SSL/iC were less hardness, 
cohesiveness and chewiness than those manufactured with caseinate and soy isolate, 
being the texture attribute highly detrimental for the sensory preference analysis. On the 
other hand, the texture differences among the emulsifiers almost disappeared when 2 % 
potato starch was added to the formulation. In summary, this manuscript shows the 
potential of SSL/iC emulsifier and their applications in meat products. 
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Captions 



Fig. 1. Stability of oil emulsions at three different preparation temperatures. Sodium 
caseinate (full circle); soy isolate (empty circle), and SSL plus iota carrageenan system 
(triangle). 

Fig. 2. Stability of oil emulsions with added salt at three different preparation 
temperatures. Sodium caseinate (full circle); soy isolate (empty circle), and SSL plus 
iota carrageenan system (triangle). 

Fig. 3. Flow curves of oil emulsions prepared with sodium caseinate (C), soy isolate (S), 
and SSL plus iota carrageenan system (SSL/iC) at different temperatures at highest 
(1:6:6) and lower (1:9:9) emulsifier concentration. 

Fig. 4. Mechanical spectra of raw meat batters prepared with sodium caseinate (C), soy 
isolate (S) 5 and SSL plus iota carrageenan system (SSL/iC). (a): without starch (b): with 
added starch. 

Fig. 5. Compression profiles of the cooked meat products with the three different 
emulsifiers (a) without starch, and (b) with added starch. SSL/iC: samples containing 
SSL plus iota carrageenan, C: samples containing sodium caseinate, S: samples 
containing soy protein isolate. 

Fig. 6. Cutting profiles of the cooked meat products with the three different emulsifiers 
(a) without starch, and (b) with added starch. SSL/iC: samples containing SSL plus iota 
carrageenan, C: samples containing sodium caseinate, S: samples containing soy protein 
isolate. 



Table 1. Consistency index (k) and Flow index (n) of oil emulsions prepared with 
sodium caseinate (C), soy isolate (S), and SSL plus carrageenan system (SSL/C) at 
different temperatures. 



Prepa ration 
temperature 






Em u Is if ie r : wate r: o il 




Sample 


k 


1:6:6 

n 


k 


1:9:9 

n 




C 1 


14.2 


U./j 


i i 
i .1 


0.77 


12°C 






0.10 


53.0 






SSL/iC J 


168.5 


0.12 


11.0 


0.51 




C 1 


1 1.5 


0.74 


1.3 


0.73 


25°C 




317.8 


0.04 


53.9 


0.21 




SSL/iC J 


157.6 


0.21 


12.0 


0.50 




C 1 


11.5 


0.75 


0.7 


0.90 


50°C 


s 2 


265.1 


0.06 


52.7 


0.15 




SSL/iC J 


443.9 


0.002 


21.8 


0.44 



1,2,3 SSL-C: samples containing sodium stearoyl-2-lactylate plus iota carrageenan, C: 
samples containing sodium caseinate, S: samples containing soy protein isolate. 



Table 2.- Textural parameters instrumentally evaluated. 



Texture test 


Treatment 


Textural 


Emulsifier 






Parameters 


C 1 S 2 




SSL-iC 3 






F(g) 


ini o„ 

IU1 2a 


/ODD 


Jo2c 




wnnout 










starch 


d (mm) 


8,06a 


8,18a 


7,14b 


Compression 




(ft S2) 


(ft 


(ft f\f\\ 




F(g) 


->oUao 


4oJa 


ol 1 b 




w u n 


C61) 


( H4) 


n 07) 




added starch 


d (mm) 


7,67a 


8,32a 


6,91b 






(ft 6ft\ 


^U,OOJ 


(ft (y(\\ 






F(g) 


456a 


505a 


208b 




wnnout 




v* 0 


(35) 


Cutting 


starch 


d (mm) 


6,1a 

(\ ft\ 


6,1a 

(ft 1\ 


5,7a 
(0,6) 




F(g) 


328a 


380a 


367a 




Witn 


(ATi 


(OX) 


(64) 




auuea stare n 


d (mm) 


6,0a 
(0 6) 


6,9a 


6,3a 
(0,4) 






Hardness 


93 Ua 


700b 


430c 










(172) 


(58) 




wnnout 


Springiness 


0,78a 

ro 04) 


0,76a 
(ft 06) 


Si 




starch 


Cohesiveness 


0,49a 
CO 04) 


0,41b 
CO 04) 


0,34c 
(0,03) 






Chewiness 




222 b 


91c 


TPA 




te) 


(53) 


(69) 


(21) 




Hardness 


610ab 


540a 


680b 






(g) 


(85) 


(74) 


(100) 




With 


Springiness 


0,73a 
(0,06) 


0,58b 
(0,03) 


0,52b 
(0,08) 




added starch 


Cohesiveness 


0,40a 
(0,01) 


0,40a 
(0,03) 


0,26b 
(0,04) 






Chewiness 


182a 


126b 


94b 






(g) 


(35) 


(28) 


(29) 



1,2,3 SSL-iC: samples containing sodium stearoyI-2-lactylate plus iota carrageenan, C: 
samples containing sodium caseinate, S: samples containing soy protein isolate. 
Different letters on the same row indicate a significant difference at p<0.05 



Table 3. L* s a*, and b* values of the cooked meat batters. 



Color 

Treatment 




Emulsifier 




parameters 


C 1 


S 2 


ssnc 3 


L* 


68.8a 
(0.07) 


62.5b 
(0.1) 


72.3c 
(0.04) 


a* 


8.09a 


5.78b 


6.53c 


(0.2) 


(0.2) 


(0.1) 


Without starch b* 


12.6a 
(0.3) 


12.1a 
(0.5) 


12.2a 
(0.3) 




15.0a 
(0.2) 


13.4b 
(0.4) 


13.86b 
(0.24) 


h* 


57.3a 
(1.1) 


64.5 b 
(1.5) 


61.9c 
(0.8) 


L* 


68.1a 
(0.03) 


67.7b 
(0.04) 


71.6c 
(0.04) 




9.19a 


7.63 b 


7.70b 


a* 


(0.16) 


(0.22) 


(0.15) 


With arlrlorl cfo 


13.4a 
(0.1) 


12.2b 
(0.49) 


11.3c 
(0.2) 


c* 


16.2a 
(0.05) 


14.4b 
(0.3) 


13.7c 
(0.07) 


h* 


55.6a 
(0.6) 


58.1b 
(1.7) 


55.8ab 
(0.9) 



1,2,3 



SSL-iC: samples containing sodium stearoy 1-2- lac ty late plus iota carrageenan, C: 
samples containing sodium caseinate, S: samples containing soy protein isolate. 
Different letters on the same row indicate a significant difference at p<0.05 



Table 4 . Sensory analysis (paired comparison test) of cooked meat batters' processed 
with and without starch. 



Number of preferred 
Treatment Attribute Pair samples P 4 







SSL/iC 1 


C 1 






Colour 


SSL/iC-C 


10 


39 




*** 




SSL/iC-S 


10 




39 


*** 


Aroma 


SSL/iC-C 


18 


31 




ns 




SSL/iC-S 


21 




28 


ns 


Without starch Taste 


SSL/iC-C 


13 


36 




** 




SSL/iC-S 


15 




34 


** 


Texture 


SSL/iC-C 


9 


40 




*** 




SSL/iC-S 


5 




44 


*** 


Global quality 


SSL/iC-C 


10 


39 




*** 


Colour 


SSL/iC-C 
SSL/iC-S 


22 
33 


28 


17 


ns 
* 


Aroma 


SSL/iC-S 


0/1 

27 


OA 


23 


ns 
ns 


With added 

Taste 

starch 


SSL/iC-C 
SSL/iC-S 


20 
24 


30 


26 


ns 
ns 


Texture 


SSL/iC-C 
SSL/iC-S 


16 

23 


34 


27 


* 

ns 


Global quality 


SSL/iC-C 
SSL/iC-S 


18 
28 


32 


22 


ns 
ns 



12 3 

' ' SSL-iC: samples containing sodium stearoy 1-2- lac ty late plus iota carrageenan, C: 
samples containing sodium caseinate, S: samples containing soy protein isolate. 
4 Significantdifferences at / > va iue< 0.05 (*),0.01 (**), 0.001 (***) 
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